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(57) Abstract: A method of imaging light from a specimen in which excitation light passes to the specimen via a scanning system 
and light emitted by luminescence of the specimen passes in another direction via the scanning system to an image capture device 
having a sensor having discrete spatially distinct light sensitive regions. The scanning system is operated so as to scan the whole 
of an area of interest of the specimen, and the excitation light and/or the image capture device are controlled so that light emitted 
from the specimen is only incident on the image capture device sensor for a specific time period equal to that required for scanning 
the whole of the area of interest n times (where n is a whole number equal to or greater than 1). The scanning system is a confocal 
system, and in one example comprises a rotating Nipkow disc scanner and the pattern of openings in the disc is such that rotation of 
the disc through A° results in scanning the whole of the area of interest and the said specific time period is selected to correspond 
to nA° of disc rotation. Apparatus for performing the method to produce a video signal for creating an image in a display device or 
for processing and analysis by a computer, includes control means adapted to control the excitation light and/or the image capture 
device so that light from the specimen is incident on the image capture device for the specific period of time, and the image capture 
device is a CCD camera. 
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CLAI MS 

1. A method of imaging light from a specimen in which excitation light passes to the 
specimen via a scanning system and light emitted by luminescence of the specimen 
passes in another direction via the scanning system to an image capture device having a 
sensor having discrete spatially distinct light sensitive regions, and the scanning system 
is operated so as to scan the whole of an area of interest of the specimen, wherein the 
excitation light and/or the image capture device are controlled so that light emitted 
from the specimen is only incident on the image capture device sensor for a specific 
time period equal to that required for scanning the whole of the area of interest n times 
(where n is a whole number equal to or greater than 1). 

2. A method as claimed in claim 1 wherein the area of interest is the whole of the 
viewable area of the specimen. 

3. A method as claimed in claim 1 wherein the area of interest is a part of the visible area 
of the specimen, defined by a window of variable size and location created by the 
scanning system. 

4. A method as claimed in any of claims 1 to 3 wherein the scanning system is a confocal 
system 

5. A method as claimed in any of claims 1 to 4 wherein the scanning system comprises a 
rotating Nipkow disc scanner in which excitation light passes through openings in the 
disc in one direction and light emitted by luminescence of the specimen passes through 
the openings in the opposite direction to form an image at the image capture device. 

6. A method as claimed in claim 5 wherein the pattern of openings is such that rotation of 
the disc through A° results in scanning the whole of the area of interest and the said 
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specific time period is selected to correspond to nA° of rotation of the disc (where a is 
a whole number equal to or greater than one). 

7. A method as claimed in claim 5 or 6 wherein the Nipkow disc scanner includes two 
discs. 



8. A method as claimed in claim 7 wherein one of the two discs contains openings and the 
other microlenses. 



9. A method as claimed in any of claims 1 to 4 wherein the scanning is effected in a series 
of lines in the form of a raster scan. 



10. A method as claimed in claim 9 wherein the scanning is effected using a pinhole. 

11. A method as claimed in claim 9 wherein the scanning is effected using a plurality of 
pinholes in a fixed pattern. 

12. A method as claimed in any of claims 1 to 4 wherein the scanning is effected using a 
scanning slit scanner. 

13. A method as claimed in any of claims 1 to 4 wherein confocality is achieved by a 2 
photon process which limits the focal plane of activation. 

14. A method as claimed in any of claims 1 to 4 wherein confocality is obtained by a time 
delay multiplexed process. 

15. A method as claimed in any of claims 1 to 4 wherein an array of independently 
controllable mirrors is used to effect the scanning. 

16. A method as claimed in any of claims 1 to 4 wherein the scanning is effected using a 
random or quasi random pattern of transmissive and reflective elements. 
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17. A method of as claimed in any of claims 1 to 16 wherein excitation light is prevented 
from reaching the specimen except for each of a succession of separated specific 
periods of time and the image capture device is read out at the end of each specific 
period of time or at the end of a plurality of consecutive specific periods of time. 

18. A method as claimed in claim 17 wherein the image capture device is only receptive of 
light emitted by the specimen during each specific period of time, and after the image 
signals are read out from the capture device, the capture device is reset. 

19. A method as claimed in any of claims 1 to 18 in which the light source is switched on 
and off to control the duration of the exposure. 

20. A method as claimed in any of claims 1 to 18 wherein shutter means is provided to 
interrupt light from the excitation source except for when the specimen is to be 
scanned. 

21. A method as claimed in claim 20 wherein an intrinsic (electronic) shutter is used to 
interrupt the excitation light. 

22. A method as claimed in any of claims 1 to 18 wherein a light chopper is used to 
interrupt the excitation light. 

23. A method as claimed in any of claims 1 to 18 wherein an acousto-optic light 
interrupting element is used. 

24. A method as claimed in any of claims 20 to 23 wherein the excitation light source 
operates to produce light for periods of time corresponding to but of linger duration 
than the said specific periods of time. 

25. A method as claimed in any of claims 20 to 23 wherein the excitation light source is 
operated continuously. 
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26. A method as claimed in any of claims 1 to 25 wherein shutter means is provided for 
both excitation source and image capture device. 

27. A method as claimed in claim 26 wherein both shutter means are synchronously 
operated. 

28. A method as claimed in claim 26 wherein electronic pseudo shutter means is employed. 

29. A method as claimed in any of claims 1 to 25 wherein shutter means is provided which 
in use operates to prevent light reaching at least part of the image capture device 
sensor, except for the said specific periods of time during which the excitation light is 
incident on the specimen, for the purpose of reducing errors which can arise from light 
arising from phosphorescence, afterglow, stray reflections or other effects, from 
reaching the capture device sensor. 

30. A method as claimed in claim 29 wherein the shutter means prevents light from 
reaching all of the image capture device sensor. 

31. A method as claimed in any of claims 1 to 30 wherein the specimen is at least in part 
transparent and a plurality of images are formed by scanning the specimen in a 
plurality of different spaced apart planes. 

32. A method as claimed in claim 31 wherein the different planes are produced by relative 
movement between the specimen and a scanning device forming part of the scanning 
system. 

33. A method as claimed in claim 32 wherein the specimen movement is achieved by 
moving a holder containing the specimen. 

34. A method as claimed in claim 31 wherein the different planes are produced by 
movement of at least one part of an optical system forming part of the scanning system 
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so that light is brought to a focus in the specimen at different spaced apart points, each 
point therefore defining the position of a focal plane of the scanning system. 

35. A method as claimed in claim 34 wherein the different focal planes are obtained by 
moving an objective lens in the optical system. 

36. A method as claimed in any of claims 32 to 35 wherein movement is restricted to 
periods during which excitation light is not incident on the specimen. 

37. A method as claimed in claim 34 wherein movement is restricted to periods during 
which the image capture device is rendered insensitive to light. 

38. A method as claimed in any of claims 32 to 37 wherein the axis of displacement is 
normal to the or each focal plane of the scanning device. 

39. A method as claimed in any of claims 32 to 37 wherein the axis of displacement 
subtends an angle of other than 90° to the or each focal plane of the scanning device. 

40. A method as claimed in any of claims 32 to 39 wherein the movement occurs at the end 
of each said specific time period or after N successive such time periods (N being an 
integer equal to or greater than 1). 

41. A method as claimed in claim 40 wherein each movement between exposures is the 
same size. 

42. A method as claimed in claim 40 wherein the size of each movement differs from that 
of a preceding or following movement. 

43. A method as claimed in claim 40 wherein each movement is composed of a succession 
of discrete steps, each of a predetermined equal size. 
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44. A method as claimed in claim 43 wherein each movement between exposures is made 
up of M discrete steps (where M is a whole number equal to or greater than 1). 

45. A method as claimed in any of claims 32 to 44 wherein the method includes the step of 
controlling the excitation illumination or the image capture device exposure, or both, 
by reference to the said movements, such that excitation illumination and/or exposure 
is only initiated after each movement has been completed. 

46. A method as claimed in any of claims 32 to 44 wherein the time between excitation 
and/or exposures is controlled so as to be at least equal to the time required to 
complete each movement. 

47. A method as claimed in any of claims 32 to 39 wherein the movement is continuous for 
the purpose of speeding up the scanning of a specimen. 

48. A method as claimed in claim 47 wherein the continuous movement during the imaging 
results in blurring of the image, and the method includes the step of applying 
deconvolution to re-sharpen the image. 

49. A method as claimed in any of claims 32 to 48 wherein the excitation light is composed 
of light having two or more different wavelength(s). 

50. A method as claimed in any of claims 32 to 49 wherein the wavelength of the 
excitation light is varied between one excitation and/or exposure and the next. 

51. A method as claimed in claim 50 wherein the wavelength of the excitation light is 
varied continuously during a succession of excitations and exposures. 

52. A method as claimed in claim 50 wherein the excitation light wavelength is varied 
between the end of one excitation and/or exposure and the beginning of the next. 
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53. A method as claimed in claim 50 or 51 wherein the variation of excitation light 
wavelength is effected whilst imaging the same plane of the specimen. 

54. A method as claimed in any of claims 49 to 53 wherein there is no movement within 
the optical system or of the specimen between each of a succession of two or more 
excitation and exposure steps making up a sequence of exposures, and the said relative 
movement is initiated only after each said sequence of exposures has been performed, 
and the next sequence of such excitation and exposure steps is only initiated after a 
movement has been completed. 

55. A method as claimed in any of claims 32 to 54 wherein the said movement is 
alternately first in one direction and then in another. 

56. A method as claimed in any of claims 50 to 55 wherein wavelength variation is 
achieved by employing two or more light sources of different peak wavelengths and 
selectively operating the sources or selectively interrupting light therefrom. 

57. A method as claimed in any of claims 49 to 55 wherein two or more light sources 
having different peak wavelengths are employed, and light is selectively directed from 
the sources in turn, as required, to the scanning device and specimen. 

58. A method as claimed in any of claims 49 to 55 wherein the or each of the light sources 
used has a complex spectral characteristic. 

59. A method as claimed in any of claims 49 to 58 wherein the excitation light is obtained 
from one or more laser light sources. 

60. A method as claimed in claim 59 wherein the or each light source is a directly driven 
laser diode. 
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61. A method as claimed in any of claims 49 to 55 wherein a single excitation light source 
is employed which comprises an acousto optic tuneable filter (AOTF) crystal and the 
wavelength of the emitted light is varied by altering the frequency controlling signal to 
the crystal as required. 

62. A method as claimed in claim 61 wherein any alteration of the frequency of the 
controlling signal is effected between exposures. 

63. A method as claimed in any of claims 49 to 55 in which the excitation light source 
comprises a single laser light source, or two or more laser light sources whose outputs 
are optically combined. 

64. A method as claimed in any of claims 1 to 63 wherein the excitation light is pulsed. 

65. A method as claimed in any of claims 1 to 64 wherein the excitation light is polarised. 

66. A method as claimed in any of claims 1 to 58 wherein a luminescent or incandescent 
light source is used as the source of excitation light, and an optical filter or a 
monochromator is employed to control the wavelength of the light emitted by the 
source. 

67. A method as claimed in any of claims 1 to 58 wherein a light emitting (LED) source is 
used which comprises one or more light-emitting elements. 

68. A method as claimed in any of claims 1 to 67 wherein the intensity of the excitation 
light incident on the specimen is adjusted from one exposure to another. 

69. A method as claimed in any of claims 1 to 67 wherein the method involves the step of 
adjusting the intensity of the incident excitation light between exposures. 
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70. A method as claimed in claim 68 or 69 wherein the intensity of the incident excitation 
light is adjusted by interposing neutral density filters, or opening or closing an iris 
diaphragm in the light path, adjusting the power to the light source, or employing an 
attenuating element such as an AOTF or LCD shutter, or any combination thereof. 

71. A method as claimed in claim 69 or 70 wherein the intensity of the excitation light is 
adjusted so as to provide a predetermined intensity of illumination at the specimen. 

72. A method as claimed in claim 71 wherein the specimen is illuminated by light at 
different wavelengths and the intensity is adjusted to produce a predetermined level of 
excitation intensity at the specimen for each wavelength. 

73. A method as claimed in claim 71 or 72 wherein the adjustment produces a substantially 
similar level of intensity at the specimen for each different wavelength. 

74. A method as claimed in any of claims 71 to 73 wherein the intensity adjustment is 
achieved by varying the power to the or each excitation light source. 

75. A method as claimed in any of claims 71 to 73 wherein the intensity adjustment is 
achieved by attenuating excitation light from the or each excitation light source. 

76. A method as claimed in claim 74 or 75 wherein the power adjustment or attenuation is 
adjusted to provide substantially constant intensity luminescence from the specimen 
irrespective of wavelength. 

77. A method as claimed in any of claims 1 to 76 wherein a single control centre produces 
signals suitable for driving, or controlling power to drives, or to control power to 
devices to effect movements and rotations required by the different steps of the 
method. 
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78. A method as claimed in any of claims 1 to 77 wherein the image capture device is a 
CCD which provides image data in analogue or digital format. 

79. A method as claimed in claim 78 wherein the CCD camera is cooled to increase the 
S/N ratio of the camera output signals. 

80. A method as claimed in any of claims 1 to 77 wherein the image capture device is a 
CMOS camera, a CID (charge injection device) camera, an intensified or gated 
camera, a photomultiplier tube array, a photodiode array or an image capture device 
employing an addressable microcolometer array, or a chemical film camera, or other 
light sensitive sensor. 

81. A method as claimed in any of claims 1 to 80 further comprising the step of forming an 
image using the light emitted by the specimen which in use is viewed through an 
eyepiece or is projected by a projection system onto a screen for viewing. 

82. A method as claimed in claim 81 wherein the light from the specimen is split by a 
beam-splitting or beam directing device whereby the light can be split (or divided) 
between the image capture device and an eyepiece or projection system. 

83. A method as claimed in any of claims 1 to 82 wherein a plurality of image capture 
devices are employed, each of which is supplied with light from the specimen. 

84. A method as claimed in claim 83 wherein the or each image capture device is similar to 
the other image capture device(s). 

85. A method as claimed in claim 83 wherein at least one of the image capture devices is 
of a different type from at least one of the other image capture devices. 

86. A method as claimed in any of claims 83 to 85 wherein light from the specimen is split 
between the plurality of image capture devices. 



WO 2004/036898 ^^T/GB2003/004486 

45 



87. A method as claimed in any of claims 83 to 85 wherein the light from the specimen is 
directed in different directions so as to be separately received by each of the plurality 
of image capture devices. 

88. A method as claimed in any of claims 1 to 87 wherein image signals from the or each 
image capture device are supplied to a computer programmed to process and/or analyse 
the image signals. 

89. A method as claimed of claim 88 wherein image signals from the image capture device 
and/or the computer produce an image in or on a display device or a projected image, 
for visual inspection. 

90. A method as claimed in any of claims 1 to 87 wherein the image capture device signals 
are stored and subsequendy read out for processing and analysis by a computer and/or 
to produce an image in or on a display device or a projected image, for visual 
inspection. 

91. A method as claimed in any of the preceding claims wherein the excitation light is 
directed obliquely or axially towards the specimen. 

92. A method as claimed in any of the preceding claims in which the excitation 
illumination of the specimen is dark field illumination, Rheinberg illumination, phase 
contrast illumination, or Differential Interference Contrast (DIC) illumination. 

93. A method as claimed in any of the preceding claims wherein Hoffman Modulation 
contrast is employed. 



94. A method as claimed in any of claims 1 to 91 wherein the excitation light is polarised. 
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95. A method as claimed in any of claims 1 to 90 wherein the excitation light is in the non- 
visible part of the spectrum. 

96. A method as claimed in claim 95 wherein the excitation light is infrared light. 

97. Apparatus by which light emitted from a specimen is imaged by an image capture 
device to produce a video signal for creating an image in a display device or for 
processing and analysis, comprising :- 

- means for mounting the specimen, 

- a light source for producing excitation light, 

- a scanning system adapted to direct excitation light in one direction towards, and 
thereby to scan an area of the specimen and also adapted to convey light emitted from 
the specimen as a consequence of the excitation light incident thereon, in another 
direction, which operates in use to scan typically repeatedly an area of interest of the 
specimen, 

- an image capture device having discrete spatially distinct light sensitive regions on 
which light emitted from the specimen is focussed to form an image after being 
conveyed through the scanning system in the said other direction, and 

- control means adapted to control the excitation light and/or the image capture device 
so that light from the specimen is incident on the image capture device for a specific 
time period equal to that required by the scanning system to scan the area of interest n 
times (where n is a whole number equal to or greater than 1). 

98. Apparatus as claimed in claim 97 wherein the area of interest is the whole of the 
viewable area of the specimen. 
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99. Apparatus as claimed in claim 97 the scanning system is adapted to generate a window 
of variable size and location to enable some part of the area of the specimen to be 
scanned, to restrict the area of interest to part of the viewable area of the specimen. 

100. Apparatus as claimed in claim 97, 98 or 99 wherein the scanning system is a 
confocal system. 

101. Apparatus as claimed in any of claims 97 to 100 wherein the scanning system 
comprises a rotating Nipkow disc scanner in which excitation light passes through 
openings in the disc in one direction and light emitted by the specimen passes through 
the openings in the opposite direction to form an image on a sensor in the image 
capture device, and the pattern of openings is such that rotation of the disc through A° 
results in scanning the whole of the area of interest, and the said specific time period is 
selected to correspond to nA° of rotation of the disc (where n is equal to one or a 
whole number greater than one). 

102. Apparatus as claimed in claim 100 wherein the Nipkow disc scanner comprises a 2- 
disc arrangement. 

103. Apparatus as claimed in claim 102 in which one of the discs contains microlenses in 
its openings. 



104. Apparatus as claimed in any of claims 97 to 100 wherein the scanning system 
incorporates a pinhole and one complete scan using the pinhole corresponds to rotation 
of a Nipkow disc. 

105. Apparatus as claimed in any of claims 97 to 100 wherein the scanning system 
incorporates a plurality of pinholes arranged in a fixed pattern, and one complete scan 
using the fixed pattern of pinholes corresponds to rotation of a Nipkow disc. 
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106. Apparatus as claimed in any of claims 97 to 100 wherein the scanning system 
incorporates a scanning slit scanner. 

107. Apparatus as claimed in any of claims 97 to 100 wherein confocality is achieved by 
a 2 photon process which includes a 2 photon excitation source and limits the focal 
plane of activation, and wherein one pulse of the 2 photon excitation source 
corresponds to rotation of a Nipkow disc. 

108. Apparatus as claimed in claim 97 to 100 wherein confocality is obtained by a time 
delay multiplexed process involving pinholes, wherein one complete scan of the 
pinholes corresponds to rotation of a Nipkow disc. 

109. Apparatus as claimed in any of claims 97 to 100 wherein the scanning system 
employs an array of independently controllable mirrors and means for adjusting same, 
which in use synthesise an array of pinholes, and wherein one complete scan of the 
mirrors to create an image or subimage corresponds to rotation of a Nipkow disc. 

110. Apparatus as claimed in any of claims 97 to 100 wherein the scanning system 
employs a random or quasi random pattern of transmissive and reflective elements 
which are scanned to produce an image, where one complete scan of the transmissive 
and reflective elements corresponds to rotation of a Nipkow disc. 

111. Apparatus as claimed in any of claims 97 to 110 further comprising means which 
prevents light from reaching the specimen except from the excitation source, via the 
scanning system. 

112. Apparatus as claimed in claim 111 further comprising means which prevents light 
from reaching the image capture device except from the specimen, via the scanning 
system. 
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113. Apparatus as claimed in any of claims 97 to 112 wherein means is provided by 
which light from the excitation light source is only incident on the specimen during 
each said specific time period. 

114. Apparatus as claimed in any of claims 97 to 113 wherein the control means also 
controls the operation of the image capture device whereby it is read out at the end of 
each said specific time period and is reset prior to the beginning of the next specific 
time period. 

115. Apparatus as claimed in claim 113 wherein the control means switches the 
excitation light source on and off to control the exposure duration so that the image 
capture device exposure is in turn governed or controlled by the time for which the 
excitation light source is active. 

116. Apparatus as claimed in claim 113, 114 or 115 further comprising shutter means 
which in use is operated by signals from the control means to interrupt light from the 
excitation source except for when the specimen is to be illuminated. 

1 17. Apparatus as claimed in claim 1 16 wherein the shutter means comprises an acousto- 
optic element. 

118. Apparatus as claimed in any of claims 113 to 116 wherein the light is controlled by 
an intrinsic shutter. 

119. Apparatus as claimed in any of claims 113 to 118 further comprising a light 
chopper for controlling the passage of excitation light to the specimen. 

120. Apparatus as claimed in any of claims 113 to 119 further comprising second shutter 
means between the scanning system and the image capture device, which second 
shutter means is operated by signals from the control means so that in use light is 
prevented from reaching at least part of the image capture device sensor, except for the 
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specific periods of time during which excitation light is incident on the specimen, for 
the purpose of reducing errors which could arise from phosphorescence, afterglow, 
stray reflections or light due to other effects, reaching the capture device. 

121. Apparatus as claimed in claim 120 in so far as it is dependent on any of claims 116 
to 119 wherein synchronising means is provided whereby in use, the two shutter means 
are operated synchronously. 

122. Apparatus as claimed in any of claims 97 to 121 wherein the scanning system 
focuses the excitation light in a plane which contains or comprises the area of the 
specimen to be illuminated by the excitation light. 

123. Apparatus as claimed in claim 122 which further includes drive means adapted to 
move the specimen, the scanning system, or an element of an optical system within the 
scanning system, along a linear axis (the Z axis) so that in use the position of the plane 
can adjusted relative to the specimen. 

124. Apparatus as claimed in claim 123 wherein the linear axis drive means is also 
controlled by signals from the control means. 

125. Apparatus as claimed in claim 123 or 124 wherein in use the control system 
operates so as to restrict movement along the linear axis to periods during which light 
is prevented from reaching the image capture device. 

126. Apparatus as claimed in claim 123, 124 or 125 wherein in use the control system 
only produces movement along the linear axis during periods in which the excitation 
source light is inhibited or prevented from reaching the specimen. 



127. Apparatus as claimed in any of claims 123 to 126 wherein the control means 
controls the linear axis drive in use so as to effect the linear axis movement at the end 
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of each said specific time period, or after a succession of N such said specific time 
periods (N being an integer equal to or greater than 1). 

128. Apparatus as claimed in any of claims 123 to 127 wherein the control system is 
adapted to control the distance moved by the specimen or scanning system or element 
thereof, along the linear axis. 

129. Apparatus as claimed in claim 128 wherein in use the control system controls the 
linear axis drive means so that each movement of the specimen, or scanning system, 
or element thereof, produced by the drive means along the linear axis, is of the same 
size. 

130. Apparatus as claimed in any of claims 123 to 127 wherein in use the control system 
controls the size of each movement of the specimen, or scanning system, or element 
thereof, along the linear axis, whereby each movement therealong may differ in size 
from those before and/or following. 

131. Apparatus as claimed in any of claims 123 to 130 wherein the control system is 
adapted in use to control the linear axis drive means to move in discrete steps each of a 
predetermined equal size, and each linear axis movement of the specimen, or scanning 
system, or element thereof, is made up of one, or more than one, of the said discrete 
steps. 

132. Apparatus as claimed in any of claims 123 to 131 wherein in use the control means 
controls the specimen illumination and image capture device exposure, by reference to 
the linear axis movement such that excitation illumination and image capture device 
exposure is only initiated after a linear movement has been completed. 

133. Apparatus as claimed in any of claims 123 to 131 wherein in use the control means 
controls the time between exposures so that a sufficient period of time is provided in 
which the linear axis movement between exposures can be completed. 
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134. Apparatus as claimed in claim 123 or 124 wherein the linear axis motion of the 
specimen, or scanning system, or element thereof, is continuous. 

135. Apparatus as claimed in claim 134 further comprising means by which 
deconvolution is applied to re-sharpen the image at the image capture device, or an 
image produced by signals from the image capture device, which is otherwise blurred 
due to the said continuous motion. 

136. Apparatus as claimed in any of claims 97 to 135 wherein in use the wavelength of 
the excitation light is required to vary from one exposure to another, and the apparatus 
comprises two or more excitation light sources each producing excitation light of a 
different wavelength from the or each other source, and the control means is adapted in 
use to select the source to provide light of appropriate wavelength for each exposure. 

137. Apparatus as claimed in any of claims 97 to 135 wherein in use the wavelength of 
the excitation light is required to vary from one exposure to another and the apparatus 
comprises a single source of excitation light which is adjustable to produce light of 
different wavelengths and the control means is adapted to adjust the source to produce 
light having the required wavelength for each exposure. 

138. Apparatus as claimed in claim 136 or 137 wherein the control means is adapted in 
use to effect the wavelength change between the end of one exposure and the beginning 
of the next. 

139. Apparatus as claimed in any of claims 123 to 138 wherein the control means is 
adapted in use to control the linear drive mans so that linear axis motion is alternatively 
in one direction and then in another 

140. Apparatus as claimed in any of claims 97 to 139 wherein the specimen is carried by 
a microscope stage and means is provided to drive the stage along X and Y axes to 
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bring into view other portions of a sample such as for example other cells on the same 
slide or in a multiwell plate, or other regions of an area of tissue, or of a single 
sample. 

141. Apparatus as claimed in any of claims 97 to 140 wherein the excitation light source 
produces light of more than one wavelength at the same time. 

142. Apparatus as claimed in claim 141 wherein the intensity of the light at the different 
wavelengths differs but peaks in intensity at one or a number of the different 
wavelengths. 

143. Apparatus as claimed in any of claims 97 to 142 wherein the excitation light source 
comprises one or more laser light sources. 

144. Apparatus as claimed in any of claims 97 to 142 wherein a single excitation light 
source is employed, the wavelength or wavelengths of the light emitted therefrom can 
be altered, and the control means is adapted in use to adjust the source to produce light 
of a desired wavelength or wavelengths. 

145. Apparatus as claimed in claim 144 wherein the light source is a laser light source 
which comprises an acousto-optical tuneable filter (AOTF) crystal, and the control 
means is adapted to provide in use signals to alter the frequency controlling signal to 
the crystal, to control the wavelength (or wavelengths) of the emitted light. 

146. Apparatus as claimed in claim 144 or 145 wherein in use the control means is 
adapted to alter the wavelength or wavelengths only between image capture device 
exposures or excitations. 



147. Apparatus as claimed in any of claims 97 to 142 wherein the excitation light source 
is a luminescent or incandescent light source and an optical filter or a monochromator 
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is provided which in use controls the wavelength or wavelengths of the light emitted by 
the source. 

148. Apparatus as claimed in any of claims 97 to 142 wherein the excitation light source 
is a directly driven laser diode. 

149. Apparatus as claimed in any of claims 97 to 147 wherein in use the excitation light 
source is operated so as to produce pulses of light. 

150. Apparatus as claimed in any of claims 97 to 149 wherein in use the excitation light 
source produces polarised light. 

151. Apparatus as claimed in any of claims 97 to 146 wherein the excitation light source 
is a light emitting diode (LED) source. 

152. Apparatus as claimed in any of claims 97 to 151 wherein in use the control means 
is adapted to adjust the intensity of the excitation illumination incident on the specimen. 

153. Apparatus as claimed in claim 152 further comprising a plurality of neutral density 
filters and means under the control of the control means, which in use selectively 
positions one or more of the neutral density filters in the light path, to achieve the 
intensity variation. 

154. Apparatus as claimed in claim 152 further comprising an adjustable iris diaphragm 
in the light path and drive means operated by the control means, to open or close the 
iris as required. 



155. Apparatus as claimed in claim 152 wherein in use the control means controls the 
excitation light intensity by adjusting the power to the excitation light source. 
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156. Apparatus as claimed in claim 152 wherein the excitation light intensity is 
controlled by means of an attenuating element and the control means is adapted in use 
to control or position the attenuating element as appropriate. 

157. Apparatus as claimed in claim 156 wherein the attenuating element is an AOTF or 
LCD shutter. 

158. Apparatus as claimed in any of claims 152 to 157 wherein the control means is 
adapted in use to alter the intensity of the illumination so as to provide a predetermined 
intensity of illumination at the specimen for each wavelength, to remove variation in 
intensity from one wavelength to another as can occur due to inherent intensity 
variation as between one source and another or between different modes of operation of 
the excitation light source. 

159. Apparatus as claimed in any of claims 97 to 158 wherein in use the control means 
is adapted to adjust the power to the excitation light source and/or control attenuation 
of light therefrom, from one exposure to another, to provide substantially constant 
intensity luminescence, to reduce variation in the intensity of the light incident on the 
image capture device sensor due to differing wavelengths of excitation light, or to 
render the light emitted due to luminescence of similar intensity irrespective of 
wavelength, or both. 

160. Apparatus as claimed in any of claims 152 to 159 wherein the intensity variation is 
only altered between exposures. 

161. Apparatus as claimed in any of claims 97 to 160 wherein the image capture device 
is a CCD camera which provides a picture signal in analogue or digital format or both. 

162. Apparatus as claimed in claim 160 wherein means is provided to cool the CCD 
camera, to increase the S/N ratio of the camera output signals. 
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163. Apparatus as claimed in any of claims 97 to 160 wherein the image capture device 
is a CMOS camera, a CID (charge injection device) camera, an intensified or gated 
camera, a photomultiplier tube array, a photodiode array or an image capture device 
employing an addressable microcolometer array, or a chemical film camera, or any 
other light sensitive sensor. 

164. Apparatus as claimed in any of claims 97 to 163 further comprising image forming 
means by which the light from the specimen is formed in use into an image, which can 
be viewed by the human eye through an eyepiece, or can be projected onto a screen. 

165. Apparatus as claimed in claim 164 further comprising a beam-splitting or beam 
directing device in the light path to the image capture device by which light is split or 
divided between the image capture device and the image forming means. 

166. Apparatus as claimed in any of claims 97 to 164 further comprising two or more 
image capture devices. 

167. Apparatus as claimed in claim 166 wherein at least one of the image capture 
devices is different from the other device or from at least one of the other devices. 

168. Apparatus as claimed in claim 166 or 167 further comprising a beam splitting 
means or beam directing means in the light path to the one or more image capture 
devices. 

169. Apparatus as claimed in any of claims 97 to 168 further comprising an optical fibre 
bundle by which light is transmitted to the, or each, image capture device sensor. 

170. Apparatus as claimed in any of claims 97 to 169 further comprising a data storage 
means adapted to store signals from the or each image capture device. 
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171. Apparatus as claimed in any of claims 97 to 170 farther comprising computer 
means programmed to process and analyse the signals from the or each image capture 
device or data storage means. 

172. Apparatus as claimed in any of claims 97 to 171 further comprising a display 
device and means for supplying signals from the or each image capture device or from 
data storage means for displaying an image of the signals for visual analysis. 



